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PROCESSES FOR PRODUCING POLYPEPTIDE INHIBITORS 
OF PLATELET ACTIVATION AND METHODS, 
COMBINATIONS AND COMPOSITIONS USING THEM 



5 TECHNICAL FIELD OF THE INVENTION 

The present invention relates to polypeptide 
inhibitors of platelet activation and derivatives 
thereof, purified from the venom of the North American 
Water Moccasin and tp methods for their purification, 

10 This invention also relates to DNA sequences and 
recombinant DNA molecules which code for these 
polypeptide inhibitors of platelet activation. And 
this invention relates to recombinant DNA molecules 
which code for fusion proteins comprising both a 

15 polypeptide inhibitor of platelet activation and a 

conventional anti-throDibin polypeptide. This Invention 
also relates to pheunnaceutically acceptable 
compositions and methods characterized by at least one 
of these natural or recombincint inhibitors of platelet 

20 activation, alone or in combination with conventional 
ant i- thrombin compoiinds. The compositions, 
combinations and methods of -this invention are 
particularly useful in the treatment of thrombotic 
diseases . 

25 Bj^CKGROUNp AI^T 

Platelet aggregation and release reactions 
(collectively known as platelet activation) are 
essential to hemostasis. However, perturbations in 
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platelet nechanisns controlling hemostasis may yield 
thrombi (blood clots) which are pathogenic when blood 
flow to dependent tissues is occluded* This is the 
case in a variety of life-threatening vascular 
5 diseases, such as myocardial infarction, stroke, 

pulmonary embolism, deep vein thrombosis, peripheral 
arterial occlusion and other blood system thromboses. 
Therefore, strategies to control platelet aggregation 
and release are desirable in the treatment of these 

10 diseases [L. A. Barker and M. Gent, **The Use of Agents 
that Modify Platelet Fimction in the Management of 
Thrombotic Disorders" in Hemostasis and Thrombosis ^ 
R. W. Colman et al., eds., pp. 1438-56, J. B. 
Lippincott, Co., Philadelphia, Pennsylvania (1987)]. 

15 Furthermore, inhibition of platelet aggregation may 
also be desirable in the case of extracorporeal 
treatment of blood, such as in dialysis, storage of 
platelets in platelet concentrates and following 
vascular surgery. 

20 A large number of compounds, both naturally 

occurring and synthetic, are known to cause platelet 
aggregation and release. These include ADP, collagen, 
arachidonic acid, epinephrine, thrombin, ristocetin, 
and the thromboxane A^ mimetic, U46619. The mechemism 

25 by which each of these compounds causes platelet 
aggregation or release varies and involves one of 
several different receptors on the platelet surface. 

A wide variety of antiplatelet agents are 
currently used for prophylaxis and treatment of 

30 arterial thrombotic disorders. Because most of these 
agents are specific for particiilar platelet aggregation 
and/ or secretion mechsmisms, the agent of choice in a 
given regimen depends upon the particular mode of 
platelet activation sought to be inhibited. 

35 Antiplatelet agents act in a wide variety of ways. 
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including inhibition of platelet cyclooxygenase, 
antagonism of the throioboxane receptor, inhibition 
of thromboxane synthetase, elevation of cAHP levels, 
^ and antagonism and neutralization of platelet surface 

5 glycoprotein ZZb/IIIa. 

Glycoprotein lib/ Ilia is the platelet 
fibrinogen receptor. It self -associates as a two-chain 
complex in a calcium-dependent manner, upon stimulation 
of platelets with ADP, epinephrine, thrombin or 

10 prostaglandin derivatives and precursors thereof [S. J. 
Shattil et al., "Changes in the Platelet Membrane 
Glycoprotein lib/ Ilia Complex EHiring Platelet 
Activation", J. Biol. Chem. , 260, pp. 11107-14 (1985); 
G. A. Hargeurie et al., "Human Platelets Possess an 

15 Inducible and Saturable Receptor Specific for 

Fibrinogen", J. Biol. Chem> . 254, pp. 5357-63 (1979)]. 
This results in platelet aggregation mediated by a 
cross-linking between fibrinogen and the activated 
glycoprotein Ilb/IIIa coinplexes of two platelets. 

20 Specifically, the glycoprotein Ilb/IIIa binds to an 

Arg-Gly-Asp sequence in fibrinogen [M. D. Pierschbacher 
and E. Ruoslahti, "Cell Attachment Activity of 
Fibronectin Can Be Duplicated By Small Synthetic 
Fragments of the Molecule", Natiire , 309, pp. 30-33 

25 (1984) ; K. M. Yamada and D. W. Kennedy, "Dualistic 
Natxire of Adhesive Protein Function: Fibronectin and 
Its Biologically Active Peptide Fragments Can 
Autoinhibit Fibronectin Function", J. cell Biol. , 99, 
t pp. 29-36 (1984); N. Ginsberg et al., "Inhibition of 

30 Fibronectin Binding to Platelets By Proteolytic 
Fragments and Synthetic Peptides Which Support 
Fibroblast Adhesion", J, ^X9Xt ffl^nw > 260, pp. 3931-36 
(1985); E. F. Plow et al., "The Effect of Arg-Gly-Asp- 
Containing Peptides on Fibrinogen and Von Willebrand 

35 Factor Binding to Platelets", pyggt Watt Agad^ Sffjif 
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USA > 82, pp. 8057-61 (1985); T. K. Gartner and J. S. 
Bennett, "The Tetrapeptide Analogue of the Cell 
Attachment Site of Fibronectin Inhibits Platelet 
Aggregation and Fibrinogen Binding to Activated 
5 Platelets", J, Biol. Chem, . 260, pp. 11891-94 (1985); 
M. Kloczewiak et al., "Localization of a Site 
Interacting With Human Platelet Receptor on Carboxy- 
Terminal Segment of Human Fibrinogen Gamma Chain" ^ 
Blochim. BioDhvs. Res. Comm. 107, pp. 181-87 (1982)]. 

10 The most widely used cmtiplatelet agent is 

aspirin, a cyclooxygenase inhibitor. Although aspirin 
blocks ADP- and collagen-induced platelet aggregation, 
it fails to prevent cyclooxygenase-independent platelet 
aggregation initiated by agonists , such as thrombin. 

15 Moreover, numerous clinical studies have failed to 
demonstrate a significant benefit of aspirin in the 
treatment of arterial thrombosis [L. A. Harker and M. 
Gent,^ supra *) • In addition, aspirin causes a 
modification of platelet enzymes that requires at least 

20 one week to reverse — effectively putting a treated 
patient at risk for heiaorrhaging if surgery or severe 
trauma should occur during that one week period. 

Specific inhibitors of glycoprotein Ilb/llla, 
such as monoclonal antibodies [J. S. Bennett et al., 

25 "Inhibition of Fibrinogen Binding to Stimulated Human 
Platelets By a Monoclonal Antibody", Proc. Natl. Acad. 
Sci. USA , 80, pp. 2417-21 (1983); R. P. McEver et al., 
"Identification of Two Structurally and Functionally 
Distinct Sites on Human Platelet Membrane Glycoprotein 

30 lib/ Ilia Using Monoclonal Antibodies", J. Biol. Chem. . 
258, pp. 5269-75 (1983); B. S. Coller, "A New Murine 
Monoclonal Antibody Reports An Activation-Dependent 
Cheuige in the Conformation and/or Microenvlronment of 
the Platelet Glycoprotein Ilb/llla Complex", J. Clin. 

35 Invest; t , 76, pp. 107-08 (1985)] and small Arg-Gly-Asp- 
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containing peptides IT^ JC« Gartner and -J. S* Bennett, 
su pra |. are leiss toxic, faster acting and have a 
shorter dtiration of effect as compared to aspirin. 
These compounds are effective against a number of 
5 different platelet aggregation mechanisms, but not 
against platelet secretion mechanisms* Both Arg-Gly- 
Asp peptides and antibodies tovard glycoprotein 
llb/IIIa have been shown to have antithrombotic 
efficacy in in vivo models of thrombosis [Y, Cadroy 

10 et al., "Potent Antithrombotic Effects of Arg-Gly-Asp- 
Val (RGDV) Peptide In Vivo", Circulat, . Part II , 75, 
p. 11-313 (1988); B. S. Coller et al., "Antithrombotic 
Effect of a Monoclonal Antibody to the Platelet 
Glycoprotein Ilb/ZIIa Receptor in an Experimental 

15 Animal Model", Blood , 68, pp. 783-86 (1986); S. R. 
Hanson et al., "Effects of Monoclonal Antibodies 
Against the Platelet Glycoprotein lib/ Ilia Complex on 
Thrombosis and Hemostasis in the Baboon", J. Clin. 
Invest. . 81, pp. 149-58 (1988); T. Yasuda et al. , 

20 "Monoclonal Antibody Against the Platelet Glycoprotein 
(GP) lib/ Ilia Receptor Prevents Coronary Artery 
Reocclusion Following Reperfusing With Recombinant 
Tissue-Type Plasminogen Activator in Dogs", J. Clin. 
Invest. . 81, pp. 1284-91 (1988); B. S. Coller et al., 

25 "Inhibition of Human Platelet Function In Vivo With A 
Monoclonal Antibody", ftnne^^s Intt Me<^., 109, pp. 635- 
38 (1988)]. 

In order to effect inhibition of platelet 
aggregation, Arg-Gly-Asp-containing peptides must be 

30 administered at concentrations greater than 10"^M. Such 
requisite dosages imply limited commercial feasibility 
• of those peptides. Monoclonal antibodies to 

glycoprotein Ilb/IIIa are more potent inhibitors of 
platelet aggregation, but their synthesis in mouse 

35 .hybridoma cells poses greater potential .immunological 
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complications [S. R. Hanson et al., supra ]^ in 
addition, Arg-Gly-Asp peptides and antibodies toward 
glycoprotein Ilb/IIIa fall to block platelet secretion. 
Therefore, these agents may have a limited 
5 effectiveness ia vivo due to proaggregating effects of 
released platelet elements and their subsequent 
activation of the circulating platelet pool. 

Thrombin inhibitors, such as heparin, have 
also been employed as platelet inhibitors. These 

10 compounds inhibit or reduce thrombin-mediated platelet 
aggregation, but have no effect on platelet activation 
caused by other mechanisms. Furthermore, heparin is 
known to cause certain dangerous side effects, such, as 
hemorrhaging and thrombocytopenia. 

15 Many attempts to obtain other, more effective 

antiplatelet agents have centered around sneike venoms. 
Although most snake venoms are known to contain 
compounds which activate platelets and cause 
aggregation and secretion, some have been shown to 

20 contain inhibitors of platelet aggregation or platelet 
release reactions as well. Some of these inhibitors, 
such as those purified from Aakistrodon rhodostoma or 
Trimeresurus oramineus are enzymes. These two 
compounds digest fibrinogen and ADP, respectively 

25 [C. Ouyang et al., "7-Pibrinogenase from Aakistrodon 
rhodostoma (Malayan Pit Viper) Snake Venom", Toxicon , 
21, pp. 25-33 (1983); C. Ouyang and T. F. Huang, 
"Inhibition of Platelet Aggregation by 5 • -Nucleotidase 
Purified from yyj.yler?pt^^^ff oramineus Snake Venom", 

30 Tojcisan/ 21, pp. 491-591 (1983)1. Other venom-derived 
inhibitors act non-enzymatically by blocking the 
platelet fibrinogen receptor. These include the 
proteins carinatin, pxirified from Echis carinatus and 
trigramin, piarified from Trimeresurus oramineus 

35 [C. Ouyang et al., "Characterization of the Platelet 
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Aggregation Inducer and Inhibitor from Echls carinatus 

^ ' Snake Venom", Bj.oghAm, BAqp^^y^i ACtar 841, pp. 1-7 

(1985); T. P. Huang et ale, "Trigramin", J. Biol, 
Ghem, , 262, pp. 16157-63 (1987) ]• 

^ 5 Trigramin is the best known of all of the 

snake venom-derived inhibitors • It is a single 
polypeptide chain with a molecular weight of 10,000. 
It appears to act by blocking the association of 
fibrinogen and glycoprotein Ilb/IIIa (Kd =» 2.1 - 
10 8.8 X 10"®M) . This inhibition is effectively competed 
by monoclonal antibodies to glycoprotein Ilb/IIIa, as 
well as by an Arg-Gly-Asp-Ser tetrapeptide. Sequence 
analysis of a chymotryptic peptide derived from 
reduced, s-pyridylethyl trigramin reveals that this 
15 protein contains an Arg-Gly-Asp sequence. However, 
whereas small Arg-61y-Asp containing peptides are 
effective only in blocking platelet aggregation at 
concentrations above 10~^M, trigreuain is effective at 
concentrations of about 10"^. It is likely that the 
20 increased potency of trigramin stems from an optimized 
"alignment of the Arg-Gly-Asp sequence in three- 
dimensional space, as well as contributions from other 
structural determinants in the glycoprotein Ilb/IIIa- 
trigramin complex. Despite its effectiveness, 
25 trigramin does not inhibit platelet release reactions, 
namely serotonin release induced by thrombin or U46619. 
Therefore, the antiplatelet activity of trigramin in 
vivo may be impaired due to the proaggregating 

^ activities of secreted platelet components, resulting 

30 in limited efficacy. 

A Accordingly, the need still exists for an 

antiplatelet agent which is free from the drawbacks 
associated with these conventional compounds. Ideally, 
this antiplatelet agent should be equally effective in 
35 inhibiting all mechanisms of platelet activation and 
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its potency should be such that it can be effectively 
acSsiinistered in relatively low doses as compared with 
dosage regimens using conventional antiplatelet agents. * 

SUMMARY OF THE INVENTION j 

5 The present invention solves the problems 

referred to above by providing methods for purifying a 
polypeptide inhibitor of platelet activation and 
derivatives thereof, from the venom of Aakistrodon p, 
piscivorus . The present invention also provides 

10 recombincint DNA molecules characterized by a DNA 
sequence encoding this polypeptide inhibitor of 
platelet aggregation alone or fused to a DNA sequence 
which codes for a conventional anti-thrombin 
polypeptide^ The invention also relates to hosts 

15 trsmsformed with these recombinant DNA molecules, as 
well as to the recombinant products expressed by these 
hosts. And the present invention relates to chemically 
synthesized polypeptide inhibitors of platelet 
aggregation. 

20 This invention fvirther relates to 

pharmaceutically accepteO^le compositions and 
combinations, and methods utilizing these natural, 
recombinEUit or synthetic antiplatelet polypeptides in 
the treatment of patients and extracorporeal blood. 

25 The combinations of the present invention €ure 

additionally characterized by other conventional anti- 
thrombin compounds, such as hirudin or hirudin 
derivatives. These other emti-thrombin compounds may 5 
be present as separate molecules, or, alternatively, 

30 conjugated or fused via recombinant DNA techniques to a ^ 
polypeptide inhibitor of platelet activation according 
to this invention. 

As will be appreciated from the disclosure to 
follow, the polypeptide inhibitors of platelet 
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activation of the present invention are the most utile 
- compounds of their kind yet to be produced. They are 
effective in reducing and inhibiting platelet 
aggregation and platelet secretion caused by various 
5 mechanisms. The versatility of the antiplatelet 
polypeptides of this invention is particularly 
advantageous, in that the nature of undesired platelet 
aggregation in a patient or extracorporeal blood need 
not be determined prior to treatment. This results in 
10 a therapy regimen which may be instituted without the 
inherent delays associated with extensive diagnosis. 
In addition, the unique properties of the polypeptides 
of this invention in inhibiting platelet release 
provides a significant benefit in terms of potency. 
15 The efficacy of previously used agents, which cannot 
block platelet release, is often neutralized by factors 
released from platelets. Furthermore, because the 
polypeptides of this invention inhibit the release of 
thromboxsine Ag, a potent vasoconstrictor, they possess 
20 the unique capability of blocking spasm and stenosis at 
the site of platelet activation or thrombosis. The 
recombinant DNA molecules, hosts transformed with them 
and the products expressed thereby allow the 
inexpensive and rapid isolation of commercial 
25 quantities of the polypeptide inhibitors of platelet 
aggregation according to this invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 depicts a chromatogram of a sample 
of Aakistrodon p. piscivorus "venom fractionated on a 
Sephadex 6-50 column. 

Figxire 2 depicts a chromatogram of a 
partially purified sample of a polypeptide inhibitor of 
platelet activation of this invention fractionated on a 
Vydac C4 reverse phase HPLC coliimn. 



30 
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Figure 3 depicts an SDS-polyacrylanlde gel of 
each of a reduced and an unreduced polypeptide 
Inhibitor of platelet activation of this invention. * 

Figure 4 depicts the Inhibitory effects of 
5 varying concentrations of a polypeptide inhibitor of i 
platelet activation of this invention on the platelet 
aggregating effects of collagen, thrombin and ADP. 

Figtire 5 depicts the inhibitory effects of a 
polypeptide inhibitor of platelet activation of this 
10 invention on platelet aggregation and platelet ATP 
secretion induced by thrombin or 1X46619 • 

Figure 6 depicts the inhibitory effects of 
varying concentrations of a polypeptide inhibitor of 
platelet activation of this invention on collagen- 
15 induced platelet aggregation and thromboxane (TXAg) 
release as measured by thromboxane (TXB2) . 

Figure 7 depicts the kinetics of binding of- a . 
"^I-labeled polypeptide inhibitor of platelet 
activation of this invention to platelets in the 
20 presence or absence of ADP. 

Figxire 8 depicts the inhibitory effects of a 
polypeptide inhibitor of platelet activation of this 
invention, the hirudin derivative Sulfo- 
Tyrg3hiruding3^g^ and combinations thereof on thrombin- 
25 induced platelet aggregation. 

Figure 9 depicts the nucleotide sequence of a 
synthetic gene encoding a polypeptide inhibitor of 
platelet activation of this invention. 

Figure 10 depicts 14 individual synthetic s 
30 oligonucleotides used to construct an Intact gene 

encoding a polypeptide inhibitor of platelet ^ 
aggregation of this invention. 

Figtire 11 depicts the nucleotide sequence of 
the polylinker region of pNN03. 
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Figure 12 depicts the restriction 
endonuclease map of pNN03. 

Figure 13 depicts the nucleotide sequence of 
P^-mu-smc*®^^. 

5 Figure 14 depicts the inhibitory effects of 

both a natural and recombinant polypeptide inhibitor of 
platelet activation according to this invention on 
collagen-induced platelet aggregation. 

DETAILED DESCRIPTION OF THE INVENTION 

10 Throughout the specification and in the 

claims, the terms "polypeptide inhibitors of platelet 
activation" and "antiplatelet polypeptides" are used 
interchangeably and refer to polypeptides which inhibit 
both platelet aggregation and platelet release 

15 reactions. 

The present invention relates to methods for 
purifying polypeptide inhibitors of platelet 
activation, or derivatives thereof, from snake venom. 
Specifically, the venom is obtained from the American 

20 Water Moccasin ( Aakistrodon p. plsclvorus ^ . The venom 
may be obtained by directly milking the live sncdce, or, 
more preferably, as a lyophilized preparation from a 
commercial sotirce. 

Once the venom is obtained, it is dissolved 

25 or diluted into an aqueous buffer. Any aqueous buffer 
with a buffering capacity of between about pH 2-10 may 
be employed. These buffers are well known in the art. 
Host preferably, the buffer is Tris-HCl with a pH of 
about 7.4. The chosen buffer may optionally contain a 

30 salt, preferably NaCl, at a concentration of between 
about 0.001 M and 1.0 M. It is also desirable that the 
buffer contains one or a combination of protease 
inhibitors, to prevent possible degradation of the 
desired polypeptide by native proteases present in the 
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venom* The choice of protease Inhibitors may be made 
from any of a large number of well*]cnown compounds. 
These Include, but are not limited to, FHSF, leupeptln, 
soybean trypsin inhibitor, pepstatln, EDTA, EGTA and 
5 DFP. 

After solubilization, any undissolved 
material should be removed prior to chromatography. 
This may be achieved by filtration, or most preferably, 
by centrifugatlon. The remaining soluble material is 

10 then fractionated away from other molecules having 

dissimilar molecular weights by molecular sizing means. 
Any of the numerous molecular sizing techniques known 
in the art may be used in the methods of this 
invention. Preferably, molecular sizing will be 

15 achieved by gel chromatography. The choice of resin 
used for gel chromatography should be such that the 
polypeptide, which is approximately 18,000 daltons, 
elutes in the included volume • Preferred resins" are, 
for example, Sephadex G-75, Sephadex G-50, Biogel P-30, 

20 Biogel P-60 and Sephacyl S-100. Most preferred is 

Sephadex G-50. Whatever resin is employed, it should 
be equilibrated in the Identical buffer used to dis- 
solve the venom (but without protease inhibitors) prior 
to chromatography. The same buffer should also be used 

25 during chromatography. 

The flow rate of the solution through the 
chromatography resin and the size of the fractions 
collected should be adjusted to provide maximum 
separation efficiency within a minimum amount of time. 

30 These adjustments are well-lcnown to those of skill in 
the art. 

Fractions containing a polypeptide inhibitor 
of platelet activation may be identified by biological 
activity or reaction with specific antibodies. Any of 
35 a number of well-known assays may be employed for this 
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pxirpose. These assays Include, but axe not United to, 
ELISA, radioimmunoassay, inhibition of platelet 
aggregation or secretion, platelet binding, and 
competition of ligand binding to platelets. 
5 Preferably, the assay will be one that may be performed 
in a short period of time, in order to avoid any 
degradation due to storage of the fractions over 
excessive time periods. Preferred assays measure 
inhibition of collagen- induced platelet aggregation in 

10 a sample of human platelets. The most preferred assay 
is one which utilizes an automated assay system, such 
as a Bio-Data 4-channel Aggregometer [Hatboro, 
Pennsylvania] • 

Once identified, the fractions containing 

15 antiplatelet activity are pooled. The choice of end- 
point fractions to pool will be based on a balancing of 
factors known to those skilled in the art.. These 
factors include maximizing the eunount of activity in 
the pool, while minimizing the amount of contaminating 

20 protein. The pooled fractions are then contacted with 
an ion-exchange resin. This may be performed in a 
batch-wise manner, or more preferably, by column 
chromatography. Although any anion or cation exchange 
resin may be utilized in the purification methods of 

25 this invention^ cation resins are preferred. The 

choice of particulcur cation resin will be based on its 
cost, binding capacity, flow rate and other factors 
known to those skilled^ in the art. Examples of cation 
resins that may be employed in the methods of this 

30 invention include CM-52, CM-^Sepharose, CM'-Sephadex, 
S-Sephadex and S-Sepharose. According to a preferred 
embodiment of the present invention, the cation resin 
used is S-Sepharose (fast-flow) . 

Whatever resin is employed, it should be 

35 equilibrated in an appropriate buffer prior to being 
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contacted with the antiplatelet polypeptlde-contalning 
sample. The chosen btiffer preferably is identical to 
the buffer utilized in the previous gel chromatography 
step, in order to avoid any intermediate buffer 
5 exchange steps. To maximize the speed and economy of 
the purification method, the chosen resin is one which 
preferably will not bind the antiplatelet polypeptide 
under these initial buffer conditions. In this man- 
ner, contaminating polypeptides, specifically phos- 

10 phollpase A^/ are adsorbed away from the desired 

antiplatelet polypeptide. The flow-through from the 
ion exchange step is pooled and may be stored at about 
4^C until further use. It should be obvious to those 
in the art that the order of the chromatography steps 

15 (i.e., molecular sizing followed by ion-exchange, or 
vice versa) may be reversed. Therefore, an alternate 
embodiment of this invention employs ion-exchange prior 
to moleculcu: sizing. 

The final step of the purification according 

20 to the methods of this invention is reverse phase HPLC. 
A variety of reverse phase HPLC resins may be employed 
in this step. These include disilyl, tetrasilyl, 
octasilyl and octadecylsilyl supports. The most 
preferred resin is tetrasilyl. The buffer system util- 

25 ized in this step preferably consists of a linear 
gradient of increasing acetonitrile concentration in 
0.1% trifluoroacetic acid (TFA) . However, any buffer 
system that effectively purifies the emtiplatelet 
polypeptide away from remaining contaminants at this 

30 step may be utilized. These alternate buffer systems 
are known in the etrt. The column effluent is 
continuously monitored for absorbance at 214 nm and 
280 nm. Peak absorbing fractions are evaporated and 
redissolved in water prior to assaying for the 

35 antiplatelet polypeptide as described above. 



wo 90/08772 



PCr/US90/00465 



- 15 - 

We believe that polypeptides with a structure 
and biological activity similar to that of the 
inhibitor of platelet activation isolated from the 
North American Water Moccasin are naturally present in 
5 the venoms of other New World snakes. Accordingly, the 
purification methods of the present invention are also 
applicable to these other polypeptides. 

In addition, the purification methods of this 
invention are useful to isolate proteolytic fragments 

10 of antiplatelet polypeptides which retain the 

biological activity of the intact polypeptide derived 
from either the North American Water Moccasin or 
another New World snake (see particularly. Example 1) . 
Such proteolytic fragments may occur naturally or 

15 artif actually as a result of the purification process. 
The present invention also relates to 
polypeptide inhibitors of platelet activation purified 
by the above process and their use in pharmaceutically 
acceptable compositions and methods for decreasing or 

20 preventing platelet aggregation and release reactions. 

This invention also relates to recombinant 
and synthetically produced polypeptide inhibitors of 
platelet activation and their use in pharmaceutically 
acceptable compositions, combinations and methods for 

25 decreasing or preventing platelet aggregation and 
release reactions. 

According to one embodiment of this 
invention, €tny of the above-described compositions and 
methods are useful in treating patients or 

30 extracorporeal blood. As used in this application, the 
term "extracorporeal blood" includes blood removed in 
line from a patient, subjected to extracorporeal 
treatment, and returned to the patient in processes 
such as dialysis procedures or blood filtration or 

35 blood bypass during surgery. The term also includes 
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blood products which are stored extracorporeally for 
eventual administration to a patient. Such products 
include whole blood, platelet concentrates and any 
other blood fraction in which inhibition of platelet 
5 aggregation and platelet release is desired. • The term 
"patient" as used herein means* any mammal, especially 
humans • 

According to an alternate embodiment, the 
present invention relates to combinations for 

10 decreasing or preventing platelet aggregation and 
release and methods which employ them. These 
combinations may contain a variety of other 
conventional antiplatelet or anti-thrombin compounds in 
addition to a naturally, purified > recombinant or 

15 synthetic polypeptide inhibitor of platelet activation 
of this invention. Preferred euiti-thrombin compounds 
are hirudin derivatives. For the purposes of this 
application, the term "hirudin derivative" means any 
peptide having an amino acid sequence which is 100% 

20 homologous to any segment of the amino acid sequence , of 
hirudin and which displays anti-thrombin activity. 
Hirudin derivatives comprising a tyrosine residue 
corresponding to Tyr^^ in hirudin, may optionally be 
modified so that the tyrosine contains a negatively 

25 charged side group. The choice of negatively charged 
side group may be made from those that are known in the 
peptide chemistry arts. Examples of both modified and 
unmodified hirudin derivatives are described in 
European patent application publication No. 333,356 and 

30 in J. M. Maraganore et al., "Anticoagulant Activity of 
Synthetic Hirudin Peptides", J. Biol. Chem. ^ 264, 
pp. 8692-98 (1989), the disclosures of which are 
incorporated herein by reference. The term also 
includes full-length hirudin. Most preferred hirudin 
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derivatives are full-length hirudin, Sulfo- 
Tyrg3hiruding3^g^ and Sulf ony 1-Tyr g3hirudin53_g^ . * 
As used herein, the term "combination" 
denotes a single dosage form, wherein a polypeptide 
5 inhibitor of platelet activation of this invention may 
be chemically conjugated to a conventional polypeptide 
platelet inhibitor or to a conventional anti-thrombin 
polypeptide. It alternatively denotes a single dosage 
form which contains the polypeptide inhibitor of 

10 platelet activation and the other polypeptide in the 
same composition, but as separate compounds. And, the 
term "combination" alternatively denotes multiple 
dosage forms, wherein the polypeptide inhibitor of 
platelet activation and the other polypeptide are 

15 administered separately, but concurrently, or wherein 
the two agents are administered sequentially. 

The cross-linking of the polypeptide 
inhibitor of platelet activation to a conventional 
anti-thrombin polypeptide, such as a hirudin 

20 derivative, may be carried out by chemical cross- 
linking methods well known in the art. Most 
preferably, such combinations are formed by cross- 
linking a natural or recombinant polypeptide inhibitor 
of platelet activation to a synthetic hirudin 

25 derivative. To achieve such a combination, the hirudin 
derivative may be synthesized with a cross-linking 



* Sulfo-TyXg.hiruding^^^^ is a car boxy terminal 
dodecapeptide or hirudin Raving the amino acid sequence 
Asn-Gly-Asp-Phe-Glu-Glu-Ile-Pro-Glu-Glu-Tyr (OSO^) -Leu. 

30 Sulfonyl-Tyrg^hirudin is a carboxy terminal 

dodecapeptide of hirudin having the formula Asn-Gly- 
Asp-Phe-Glu-Glu-Ile-Pro-Glu-Glu-Tyr (SO-) -Leu. The 
synthesis of these peptides is described in Exiropean 
patent application publication No. 333,356, the 

35 disclosure of which is incorporated herein by 

reference. The synthesis of both of these compounds 
may be achieved try conventional methods. 
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moiety, such as dinltrofluorobenzene, at its NH^ 
terminus. Alternatively, the hirudin derivative may be 
conjugated to a natural or recombinant polypeptide 
inhibitor of platelet activation by the use of agents 
5 such as glutaraldehyde, dimethyladipimidate, or any 

other bifunctional cross-linkers known in the art. The 
conjugation may involve a Isl stoichiometry, or a 
higher ratio of hirudin derivative to the recombinant 
polypeptide. 

10 The present invention relates to synthetic 

polypeptides of platelet activation. Such synthetic 
antiplatelet polypeptides may be prepared by 
conventional chemical synthesis techniques, for 
example, synthesis on a solid support. 

15 The present invention also relates to 

recombinant and synthetic DNA molecules which encode 
polypeptide inhibitors of platelet activation. The 
synthesis of these DNA molecules may be achieved by 
methods well known in the art. For example, these 

20 recombinant DNA molecules may be isolated from a 
Aqkistrodon p^ piscivorus venom gland cDNA library. 
The synthesis of cDNA libraries and the choice of 
vector into which the cDNA molecules may be cloned are 
conventional techniques [T. Haniatis et al., "Kolecular 

25 Cloning A Laboratory Hemual'', Cold Spring Harbor 
(1982)]. 

A wide variety of methods may be used in 
locating and identifying cDNA sequences corresponding 
to a polypeptide inhibitor of platelet activation of 

30 this invention. The two most preferred techniques are 
the use of oligonucleotide probes based on the amino 
acid sequence of the antiplatelet polypeptide and 
immunoscreening, which utilizes antibodies against the 
antiplatelet polypeptide to detect clones which express 

35. cDNA sequences corresponding to an antiplatelet 
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polypeptide. It will be obvious to those of skill in 
the art that the choice of oligonucleotides probes will 
be based upon those stretches of amino acids which are 
encoded by the least redundant DNA sequences. The 
5 immunoscreening technique requires that the cDNA 

library be contained in a vector capable of expression. 

Such vectors include lambda gtll, lambda gtio 
and other expression vectors known in the art. 
Antibodies employed In the immunoscreening technique 

10 Include antibodies against Intact polypeptide 

inhibitors of platelet activation, antibodies against 
denatured polypeptide inhibitors of platelet activation 
and antibodies against peptide portions of polypeptide 
ixihlbitors of platelet activation. Once an 

15 antiplatelet polypeptide cONA has been identified and 
isolated, it may be removed from the vector and 
analyzed to determine whether it contains the entire 
antiplatelet polypeptide coding sequence. Partial 
cDNAs may themselves be used to reprobe the cDNA 

20 library and to locate full-length cDNAs. 

More preferably, the DNA molecules of this 
invention may be synthesized from oligonucleotides by 
chemical means using an oligonucleotide synthesizer. 
Such oligonucleotides may be designed based on the 

25 disclosed amino acid sequence of the antiplatelet 
polypeptide. 

Standard methods may be applied to synthesize 
a gene encoding a polypeptide inhibitor of platelet 
activation. For example, the complete amino acid 

30 sequence may be tised to construct a back- translated 

gene. A DNA oligomer containing a nucleotide sequence 
capable of coding for the desired polypeptide inhibitor 
of platelet activation may be synthesized in a single 
step. Alternatively, several smaller oligonucleotides 

35 coding for portions of the antiplatelet polypeptide may 
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be synthesized and subsequently ligated together » 
Preferably, the antiplatelet polypeptide gene is 
synthesized as 10-20 separate oliigonucleotides which 
are subsequently linked together. The individual 
5 oligonucleotides contain 5" or 3* overhangs for 
complementary assembly • 

Following synthesis of the oligomers and 
cleavage of the desired vector, assembly of the 
antiplatelet polypeptide gene may be achieved in one or 

10 more steps by techniques well known in the art. Once 
assembled, the gene will be characterized by sequences 
\i^ich axe recognized by restriction endonucleases, 
including unique restriction sites for direct assembly 
into a cloning or an expression vector; preferential 

15 codons based upon the host expression system to be 

used; and a sequence which, when transcribed, produces 
a mRNA with minimal secondary structure. Proper 
assembly may be confirmed by nucleotide sequencing ,r 
restriction mapping, and expression of a biologically 

20 active antiplatelet polypeptide in a suitable host. 

It will be understood by those of skill in 

the art that, due to the degeneracy of the genetic 
code, many different synthetic DNAs will be capable of 
encoding the polypeptide inhibitors of platelet 

25 activation of this invention. It will also be apparent 
that many of these DMAs will be faithfully expressed in 
host transformed with th^. Therefore, the present 
invention relates to not only one, but all DNA 
molecules which encode the desired antiplatelet 

30 polypeptide and which can be expressed by one or more 
hosts transformed with them. Most of these DNA 
molecules will be capable of hybridizing to one another 
under moderately stringent conditions. These 
conditions are known to those of skill in the art and 

35 are exeii5>lif ied by IX SSC at 42*»c, followed by washing 
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at a somewhat higher stringency such as O.IX-IX SSC at 
58*C. 

According to another enbodlnent, the 
recombinant DNA molecules of this Invention encode 
5 novel fusion proteins comprising a polypeptide 

inhibitor of platelet activation and a conventional 
anti-thrombln polypeptide, prefer cUsly a hirudin 
derivative. The DNA sequence which encodes hirudin is 
known and may be obtained by a variety of conventional 

10 techniques [C. Bergmann et al., "Chemical Synthesis and 
Expression of a Gene Coding for Hirudin, the Thrombin- 
Specific Inhibitor from the Leech Hlrudo medlclnalls " . 
Biol . Chem ■ Hoppe-Sevler . 367, pp. 731-40 (1986); E. 
Fortkamp et al., "Cloning and Expression in Escherichia 

15 coll of a Synthetic DNA for Hirudin, the Blood 

Coagulation InKibitor in the Leech", DNA . 5, pp. SU- 
IT (1986)]. 

Once the DNA encoding the polypeptide 
inhibitor of platelet activation and the DNA encoding 

20 the hirudin derivative have been obtained or 

synthesized, the two DNAs may be ligated together to 
produce a DNA encoding a single fusion protein. It 
should be understood that the ligation must be 
performed so that the reading frame continues 

25 undisturbed from the DNA encoding the polypeptide 
inhibitor of platelet activation into the hirudin 
derivative DNA, or vice versa, depending on the 
ligation. Therefore, the two DNA sequences optionally 
may be bridged by a linker which does not destroy the 

30 integrl1:y of ^e reading frame of either DNA. Such 

linkers are well known in the art and may additionally 
encode a unique restriction site. Achievement of 
proper fusions will employ methods well known in the 
field of molecular biology. These fusion proteins may 
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be employed in phanaaceutlcally effective compositions 
according to this invention « 

The DNA sequences and recombinant DNA 
molecules of the present invention may be Inserted into 
5 and expressed using a wide variety of vectors. For 
example, useful vectors may consist of segments of 
chromosomal, non-chromosomal and synthetic DNA 
sequences, such as various known derivatives of SV40 
and known bacterial plasmids, e.g., plasmids from 

10 E.coll including colEl, pCRl, pBR322, pMB9 and RP4; 
phage DNAs, e.g., the numerous derivatives of X phage, 
e.g., NM 98.9, and other DNA phages, e.g., M13 and other 
Filamentous single-stranded DNA phages; vectors useful 
in yeasts, such as the 2 ixm plasmid; vectors useful in 

15 animal cells, such as those containing SV40 adenovirus 
and retrovinis-derived DNA sequences; and vectors 
derived from combinations of plasmids and phage DNAs, 
such as plasmids which have been modified to employ 
phage DNA or other derivatives thereof. 

20 Such expression vectors are also 

characterized by at least one expression control 
sequence that may be operatively linked to the 
polypeptide inhibitor of platelet activation or fusion 
protein DNA sequence inserted in the vector in order to 

25 control and to regulate the expression of that cloned 
DNA sequence. Exaaiples of useful expression control 
sequences include the lac system, the trp system, the 
ias system, the trc system, major operator and promoter 
regions of phage A, the control jregion of f d coat 

30 protein, the glycolytic promoters of yeast, e.g., the 
promoter for 3-phosphoglycerate kinase, the promoters 
of yeast acid phosphatase, e.g., Pho5, the promoters of 
the yeast-mating factors, and promoters derived from 
polyoma, adenovirus, retrovirus, and simian virus, 

35 e.g., the early and late promoters of SV40, and other 
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sequences known to control the expression of genes of 
prokaryotic or exxkaryotlc cells and their viruses or 
combinations thereof. 

Among such useful expression vectors are 
5 vectors that enable the expression of the cloned 
polypeptide inhibitor of platelet activation in 
eukaryotic hosts, such as animal and human cells [e.g., 
P. J. Southern and P. Berg, J, Mol. Appl, Genet. , 1, 
pp, 327-41 (1982); S. Subramani et al, , Mol. Cell. 

10 Biol. ,^ 1, pp. 854-64 (1981); R. J. Kaufmann and P. A. 
Sharp, "Amplification And Expression Of Sequences 
Cotransfected with A Modular Dihydrofolate Reductase 
complementary DNA Gene", J. Mol Biol. . 159, pp. 601-21 
(1982); R. J. Kaufmann and P. A. Sharp, Mol> Cell, 

15 Biol . . 159, pp. 601-64 (1982) S. I. Scahill et al., 
"Expression And Characterization of The Product Of A 
Human Immune Interferon DNA Gene In Chinese Hamster 
Ovary Cells", Proc Natl. Acad. Sci. USA . 80, pp. 4654- 
59 (1983); G. Urlavib and L. A. Chasin, Proc. Natl, 

20 Acad, sci. USA, 77, pp. 4216-20 (1980)]. 

Furthermore, within each specific expression 
vector, various sites may be selected for insertion of 
DNA sequences encoding a polypeptide inhibitor of 
platelet activation or an antiplatelet polypeptide- 

25 containing fusion protein of this invention. These 
sites are usually designated by the restriction 
endonuclease which cuts them. They bxb well recognized 
by those of skill in the art. It is, of course, to be 
understood that an expression vector useful in this 

30 invention need not have a restriction endonuclease site 
for insertion of the chosen DNA fragment. Instead, the 
vector may be joined to the fragment by alternative 
means. 

The expression vector, and in particular the 
35 site chosen therein for insertion of a selected DNA 
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fragment and its operative linking therein to an 
expression control sequence, is determined by a variety 
of factors, e.g., nxxmber of sites susceptible to a 
particular restriction enzyme, size of the protein to 
5 expressed, susceptibility of the desired protein to 
proteolytic degradation by host cell enzymes, 
contcunination or binding of the protein to be expressed 
by host cell proteins difficult to remove during 
pxirification, expression characteristics, such as the 

10 location of start and stop codons relative to the 

vector sequences, and other factors recognized by those 
of skill in the art. The choice of a vector and an 
insertion site for a DNA sequence is determined by a 
balance of these factors, not all selections being 

15 equally effective for a given case. 

Useful hosts which may be transformed with 
these vectors and which may be employed to express the 
polypeptides of this invention may include well known 
eukaryotic and prokaryotic hosts, such as strains of 

20 E^coli. such as E,coli SG-936, E,coli HB 101, E^coli 
W3110, g.<?9U X1776, E>coli X2282, E,coli DHI, and 
E>coli MRCl, Pseudomonas ^ Bacillus , such as Bacillus 
SUfetilis, StreptomvcQs . yeasts and other fungi, animal 
cells, such as COS cells and CEO cells, human cells, 

25 insect cells and plant ciells in tissue culture. 

Of course, not all host/expression vector 
combinations will function with equal efficiency in 
expressing the DNA sequences of this invention or in 
producing the polypeptide inhibitor of platelet 

30 activation or fusion polypeptide. However, a 
peurticular selection of a host-expression vector 
combination may be made by those of skill in the art, 
after due consideration of the principles set forth 
herein without departing from the scope of this 

35 invention. For example, the selection should be based 
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on a balancing of a number of factors. These include, 
for example, compatibility of the host and vector, 
toxicity of the proteins encodeid by the DNA sequence to 
the host, ease of recovery of the desired protein, 
5 expression characteristics of the DNA seguenpes and the 
expression control sequences operatively linked to 
them, biosafety, costs and the folding, form or any 
other necessary post-expression modifications of the 
desired protein. 

10 We believe that the critical structural 

feature of the antiplatelet polypeptides of the present 
invention is their dimeric form, each polypeptide 
member of the diiaer having an Arg-Gly-Asp sequence that 
is capable of binding to the platelet surface. The 

15 phrase "capable of binding" as used herein denotes that 
the Arg-61y-Asp sequence is situated so that its 
binding to the platelet surface is not sterically 
hindered. We also believe that any polypeptide or 
seml-peptidic molecule that contains these structural 

20 features will be capable of inhibiting platelet 
aggregation and release. Accordingly, the present 
invention also relates to other inhibitors of platelet 
activation which contain this salient structural 
feature in addition to the recombinant polypeptides. 

25 Such other inhibitors of platelet activation 

may be polypeptides containing deletions or amino acid 
modifications from the authentic antiplatelet 
polypeptide. These may be made by appropriate 
construction on the DNA level, by direct synthesis at 

30 the polypeptide level, or by chemical or enzymatic 

reaction of the authentic polypeptide. Alternatively, 
these other inhibitors of platelet activation may be 
semi-peptidic and may be synthesized by standard 
organic chemistry procedures. All of these compounds 

35 will be effective antiplatelet agents. The synthesis 
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of these alteimatlve nolecules peinnits the production 
of commercially feasible quantities of antiplatelet 
compounds. Moreover, these alternate antiplatelet 
compounds may be designed in such a manner so as to 
5 enhance the desired biological activity. 

The pharmaceutical ly acceptable compositions 
and combinations of the present invention preferably 
include at least one pharmaceutically acceptable 
carrier. In addition , the pharmaceutically acceptable 

10 compositions and combinations of the present invention 
also comprise a pharmaceutically acceptable buffer, 
preferably phosphate buffered saline, together with a 
pharmaceutically acceptable compound for adjusting 
isotonic pressure, such as sodium chloride, mannitol or 

15 sorbitol. 

Such compositions are suitably adapted for 
oral, peurenteral and topical administration, parenteral 
compositions being most preferred. Compositions 
formulated for topical administration may, for example, 

20 be in aqueous jelly, oily suspension or emulsified 
ointment form. For parenteral administration, fluid 
unit dose forms may be prepsured containing a 
composition or combination of the present invention and 
a sterile vehicle. The polypeptides contained in the 

25 pharmaceutically acceptable composition or combination 
may be either suspended or dissolved, depending on the 
nature of the vehicle employed. Pcurenteral 
compositions are normally prepared by dissolving the 
polypeptides, optionally together with other 

30 components, in a vehicle and filter sterilizing before 
filling into a suitable vial or ampule and sealing. 
Preferably, adjuvants such as a local anesthetic, 
preservatives and buffering agents may also be 
dissolved in the vehicle. The composition may then be 

35 frozen and lyophilized to enhance its stability. 
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Parenteral suspensions are prepared In 
substantially the same manner, except that the 
polypeptides are suspended, rather than dissolved in 
the vehicle. Sterilization of the polypeptides and 
5 other optional components is achieved preferably by 
exposure to ethylene oxide before suspension in the 
sterile vehicle* Advantageously, a ph€unaaceutically 
acceptable sxirfactant or wettiAg agent is included in 
the composition to facilitate uniform distribution of 

10 the polypeptide and any other optional components. 

Tablets and capsules for oral administration 
may contain conventional excipients such as binding 
agents, fillers, diluents, tabletting agents, 
lubricants, dis integrants, colorants, flavorings and. 

15 vetting agents. The tablet may be coated according to 
methods well known in the art. 

Suitable fillers for use include cellulose, 
mannitol, lactose and other similar agents. Suitable 
disintegrants include, but are not limited to, starch, 

20 polyvinylpyrrolidone and starch derivatives such as 

sodium stsurch glycollater Suitable lubricants include, 
for example, magnesium stearate. Suitable vetting 
agents that are useful include sodium lauryl sulfate. 

Oral liquid preparations may be in the form 

25 of aqueous or oily suspensions, solutions, emulsions, 
syrups or elixirs, or may be presented as a dry product 
for reconstitution vith vater or other suitable vehicle 
before use. Such liquid prepaurations may contain 
conventional additives. These include suspending 

30* agents, such as. sorbitol, syrup, methyl cellulose, 

gelatin, hydroxyethylcellulose, carboxymethylcellulose, 
aluminum stearate gel or hydrogenated edible fats; 
emulsifying agents vhich include lecithin, sorbitan 
monooleate or acacia; non-aqueous vehicles, such as 

35 almond oil, fractionated coconut oil, and oily esters; 
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and preservatives, such as methyl or propyl p* 
hydroxybenzoate or sorbic acid. 

For administration by injection, a 
therapeutic amoiint of a natural, recombinant or 
5 synthetic polypeptide inhibitor of platelet activation 
will normally be in the dosage remge of between about 
0.01 - 100 mg/kg body weight, preferably about 0.1 - 
50 mg/kg body weight. For the treatment of 
extracorporeal blood, the antiplatelet polypeptides of 

10 the present invention should be used at about 0.05 - 
10 Mg/mlr preferably at about 0.5-5 ng/ml of 
extracorporeal blood. Effective combinations according 
to the present invention will contain between about 
0.01 - 100 mg/kg body weight, preferably about 0.1 - 

15 50 mg/kg body weight of a natural, recombinant or 

synthetic polypeptide Inhibitor of platelet activation 
and between about 0.01 - 100 mg/kg body weight, 
preferably about 0.1-50 mg/kg of a conventional anti- 
platelet or anti-thrombin agent. For treatment of 

20 extracorporeal blood using the combinations of this 
invention, both the polypeptide inhibitor of platelet 
activation and the conventional anti-platelet or anti- 
thrombin agent should be used at about 0.05 - 10 tig /ml, 
preferably at about 0.5-5 ng/ml of extracorporeal 

25 blood. It should be understood that other dosages 

outside of these illustrative ranges may be employed in 
the phcumiacetitical compositions and combinations of 
this invention. 

According to another embodiment of this 

30 invention, a natural, recombincmt or synthetic 

polypeptide inhibitor of platelet activation of this 
invention may be formulated in compositions and methods 
for coating the surfaces of invasive devices, resulting 
in lower risk of platelet activation in patients 

35 receiving such devices. Alternatively, combinations 
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comprising an antiplatelet polypeptide of this 
Invention and a conventional anti-^tbrombin agent may be 
employed. Siirfaces that may be coated according to the 
methods, combinations and compositions of this 
5 invention are exemplified by those of prostheses, 
artificial valves, vascular grafts, stents and 
catheters. Methods and compositions for coating these 
devices are known to those of skill in the art. These 
include chemical cross-linking or physical adsorption 

10 of the antiplatelet polypeptide-containing compositions 
to the surfaces of the devices. 

The ability of Arg-Gly-Asp-containing 
peptides and polypeptides to inhibit the binding of 
tumor cells to cell matrix proteins, such as 

15 f ibronectin and vitronectin has been demonstrated 
[M. J. Humphries et al., ^^investigation of the 
Biological Effects of Anti-Cell Adhesive Synthetic 
Peptides that Inhibit Experimental Metastasis of B16- 
FIO Murine Myeloma Cells", J. Clin. Invest. , 81, p. 782 

20 (1988)]. And trigramin has been shown to inhibit the 
adhesion of human melanoma cells to a f ibronectin 
matrix [K. A. Knudsen et al., "Trigramin, An RGD- 
Containing Peptide from Snake Venom, Inhibits Cell- 
Substratum Adhesion of Htuaan Melanoma Cells**, Exp. 

25 q^lXt ^Bs,, 179, pp. 42-49 (1988)]. As described 

herein, the emtiplatelet polypeptide of this invention 
coxier ises an Arg-Gly-Asp sequence. Therefore, it, too, 
will inhibit csmcer cell binding to extracellular 
matrix. Accordingly, auiother embodiment of the present 

30 invention relates to compositions and methods for 
inhibiting the binding of cancer cells to an 
extracellular matrix. These compositions and methods 
utilize a natural, recombinant or synthetic polypeptide 
inhibitor of platelet activation according to this 
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invention. Such compositions and methods may provide 
an effective therapeutic treatment for cancer. 

In order that this invention may be more 
fully understood^ the following examples are set forth. 
5 It should he understood that these examples are for 
illustrative purposes only and are not to be construed 
as limiting this invention in any manner. 

EXAMPLE i 

Purification of A Polypeptide 
10 Xnhlj^^tor Ot ?la1:ej,gt ActJ-vatfpyx 

We dissolved 0.5 g of lyophilized venom from 
Aq?^j,strQd9^ £^ pipcjyorus [Miami Serpentarium 
Laboratories, Salt Lake City> Utah] in 10 ml of 0.025 M 
Tris-HCl, pH 7.5, containing l mM EDTA and l mM PMSF at 

15 room temperature. We then removed any' insoluble 

material by centrifuging the venom solution at 3,000 
rpm for. 10 minutes. We next applied the supematcmt to 
a colximn (2.5 cm x 90 cm) of Sephadex G-50 (Sigma, 
St. Louis, Missouri) which had previously been 

20 equilibrated in 0.025 M Tris-HCl, pH 7.5, containing 
1 inM EDTA. We collected fractions of 5 ml. Fractions 
were assayed for protein content by measuring their 
absorbance at 280 nm. We also assayed aliguots of each 
fraction for antiplatelet activity using fresh, human 

25 platelet-rich plasma (0.5 ml) and collagen (1 /ig/ml) in 
a Biodata 4-channel Aggregometer according to 
manufacturer's directions. Figure l depicts the 
chromatographic profile from Sephadex G-50. 
Phospholipase A, is also known to coelute with the 

30 antiplatelet polypeptide at this step [J. M. Maraganore 
et al., "A New Class of Phospholipases A2 With Lysine 
in Place of Aspartate 49", J. Biol. Chem, , 259, 
pp. 13839-43 (1984)]. 
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Fractions containing antiplatelet activity 
were pooled and then applied to a 75 ml column of 
S*Sepharose fast flow (Sigma). The S-Sepharose column 
had previously been equilibrated in 0.025 H Tris-HCl, 
5 pH 7.5; After the Sephadex 6-50 pool was applied to 
the cation exchange resin, we washed the column in 
equilibration buffer until the absorbance of the 
effluent at 280 nm remained constant. The antiplatelet 
activity was contained in the effluent. This cation 
10 exchange step facilitated purification by adsorbing out 
contaminating proteins, such as phospholipase A^. If 
necessary, we stored the effluent at 4^C until further 
use. 

As a final purification step, we applied 

15 0.5 ml aliquots of the S-Sepheurose effluent to a 
0.46 cm X 25 cm Vydac C4 reverse phase HPLC column. 
HPLC was performed using an Applied Biosystems 150 A 
liquid chromatographic syst^ (Foster City, 
California) . We had previously equilibrated the C4 

20 column in 0.1% TFA in water. The column was developed 
with a linear gradient (0 - 30%) of increasing 
acetonitrile in 0.1% TFA over 60 minutes at a flow rate 
of 1.0 ml/minute. The effluent stream was monitored at 
214 nm and 280 nm. We collected 0.5 ml fractions, 

25 dried them in a Speed -Vac instrument (Savant; 

Hicksville, New York) and redissolved them in 0.1 ml 
water. The fractions were then tested for antiplatelet 
activity as described previously. We found a major, 
well-resolved peak eluting at 12% acetonitrile, which 

30 contained antiplatelet activity (Figure 2, peak A). 
This peak corresponded to an intact, purified 
polypeptide inhibitor of platelet activation. We also 
found a smaller, minor peak which also contained 
antiplatelet activity (Figure 2, peak B) . The latter 

35 peak was ^hown to contain the identical 41 NH^ -terminal 
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amino acids as the former peak. We believe this latter 
peak represents a C-terminal proteolyzed form of the 
antiplatelet polypeptide. Pxirif ication of intact the * 
antiplatelet polypeptide by this method yielded 3 mg of 
5 polypeptide per gram of venom. ^ 

Structural Studies Of 
The Polvpeptide Inhibitor Platelet Activation 

We performed SDS-polyacrylamide gel 

10 electrophoresis oh the purified polypeptide inhibitor 
of platelet activation as prepared in Example 1 under 
both reducing and non-reducing conditions (Fig^e 3) . 
More specifically^ we electrophoresed the protein in 
19% polyacrylamide gels in the presence or absence. of 

15 B-mercaptoethanol and visualized the protein by 
Coomassie Blue staining. Under non-reducing 
conditions, the antiplatelet polypeptide migrated with 
an apparent molecular weight of 18,000 daltons. In the 
presence of a reducing agent, the antiplatelet 

20 polypeptide was found to migrate with an appeurent 

molecular weight of 9,000 daltons. This data indicates 
that the polypeptide inhibitor of platelet activation 
exists in nature as a dimer. It should be noted that 
the polypeptide stained poorly with Coomassie Blue and 

25 that adequate visualization required the presence of at 
least 10-20 ^g. 

We performed amino acid analysis of the 
antiplatelet polypeptide by first hydrolyzing the ^ 
protein in 6 N HCl at 110 «>C for 24 hours, in vacuo. 

30 The hydrolyzates were then analyzed by ion-exchange 

chromatography and post-column ninhydrin derivatization 
employing a Beckman System 6300 Amino Acid Analyzer 
(Palo Alto, California). Amino acid analysis revealed 
a high content of cysteine (21.1%) and proline (9.2%). 
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We also noted a complete lack of tryptophan in the 
antiplatelet polypeptide molecule. The complete 
results of the amino acid analysis, showing molar % of 
each amino acid, are given below: 



Asp 


13.3 


Thr 


2.2 


Ser 


1.7 


Glu 


9.9 


61y 


10.9 


Ala 


9.0 


Cys 


21.1 


Val 


2.7 


Met 


0.9 


lie 


1.2 


Leu 


2.6 


Pro 


9.2 


Tyr 


1.1 


Phe 


2.5 


His 


1.4 


Lys 


3.9 


Trp* 


0.0 


Arg 


6.4 



Prior to amino acid sequence determination, 
an aliquot of the intact antiplatelet polypeptide was 
modified by reduction and S-pyridylethylation of the 
half cysteines (RPE-antiplatelet polypeptide) • 

15 Specifically, 0,1 mg of antiplatelet polypeptide was 
denatured in 0.5 ml of 0.1 H Tris-HCl, pH 8.0, 6 H 
guanidinium chloride and 1 mH EDTA. We added 15 fxl of 
fi-mercaptoethanol to this solution and incubated for 2 
hoxurs at room temperature under a gentle stream of N,. 

20 We then added 100 fil of vinyl pyridine to the solution. 
The mixture was then capped and allowed to stand for 30 
minutes in the dark. We stopped the reaction by adding 
10 Ml of B-mercaptoethanol and dialyzing the solution 
against 10 volumes of 1% acetic acid. Following 

25 dialysis, the HPE-antiplatelet polypeptide was 

lyophilized and stored as a powder at 4^C until further 
use. 

We also modified emother aliquot of the 
antiplatelet polypeptide by reduction and S-carboxy*- 
30 methylation of the half -cysteine residues (RCM- 
antiplatelet polypeptide) • For this reaction, we 
dissolved 0.1 mg of the antiplatelet polypeptide in 
0.5 ml of 0.1 M Tris-HCl, pH 8.0, 6 M guanidinixim 



* Determined by the absence of absorbance at 280 nm 
35 by UV spectral analysis. 
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chloride cuid l tM EDTA. The remainder of the reaction 
steps were carried out in a standard manner [C. H. H. ^ 
Hirs, "Reduction and S-Carboxymethylation of Proteins", 
in M?th9ag Iff BnSYmPJlff XI, pp. 199-203 (1967) ] . ^ 
5 Amino terminal amino acid sequence analysis 

was perf o2naed by automated Edmsm degradation of the 
antiplatelet polypeptide and of peptides derived 
therefrom using an Applied Bio'systems 47 OA gas phase 
sequencer equipped with a Model 900 A data system 

10 (Foster City, California) . Following Edman 

degradation, we analyzed the resulting phenyl thio- 
hydantoih (PTH) amino acids on-line using a 120 A PTH 
analyzer (Applied Biosystems) and a PTH-C18 column 
(2.1 X 220 mm) . The PTH amino acid analyzer was 

15 calibrated prior to each sequence determination with an 
external standard provided by the manufacturer. 

Under ivatized, RCH- and BPE-emtiplatelet 
polypeptide were all used for veurious sequence 
analyses. We determined the complete amino acid 

20 sequence of the polypeptide inhibitor of platelet 

activation by sequencing the amino terminal sequence of 
both intact and RPE-antiplatelet polypeptide, and 
proteolytic peptides derived from RCM-antiplatelet 
polypeptide. We generated the proteolytic fragments by 

25 digesting RCH-antiplatelet polypeptide with either 
trypsin (T-RCH-antiplatelet polypeptide) or 
chymotrypsin (C-RCH-stntiplatelet polypeptide) . 

For chymotrypsin digestion, we dissolved 
0.2 mg of RCH-antiplatelet polypeptide in 50 mM Tris- ^ 

30 HCl, pH 7.5 containing 2% (w/w) of alpha-chymotrypsin 

(Boehringer-Maiuiheim, Indianapolis, Indiana) for 4 hrs * 
at 37 ^C. The resulting fragments were then separated 
by reverse phase HPLC on a Vydac octadecylsilyl column 
(0.46 cm X.25 jcm) using a two-step gradient elut ion. 
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The first step was a linear 0 - 28% acetonitrlle 
gradient over 60 minutes. The second step was a 
28 70% acetonitrlle gradient over 5 minutes. The 
acetonitrlle solutions all contained 0.1% TFA and both 
5 steps were performed at a flow rate of 1.0 ml /minute. 
The effluent stream was monitored for absorbance at 
214 nm and 280 nm. We collected the peak fractions, 
dried them under vacuum and then subjected them to 
amino acid sequencing as above. 

10 We performed trypsin digestion by dissolving 

0.2 mg of RCM-antiplatelet polypeptide in 50 mM Tris, 
pH 7.5 containing 2% trypsin (w/w) (Boehringer- 
Mannheim) . The resulting fragments were separated 
using the same C18 column as described above. We again 

15 employed a two-^step gradient. The first step was a 
' linear acetonitrlle gradient from 0-28% over 80 
minutes. The second step was a linear 28 - 100% 
acetonitrlle gradient over 10 minutes. Peak fractions 
were collected and sequenced as previously described 

20 for C-RCM-antlplatelet polypeptide. 

Amino terminal sequence analysis allowed 
determination of residues 1-30 of the polypeptide 
inhibitor of platelet activation. Amino terminal 
sequencing of RPE-antiplatelet polypeptide provided a 

25 linear sequence of residues 1-62, confirming the first 
30 amino acids. One tryptic fragment of RCM- 
emtiplatelet polypeptldis provided the sequence of sunino 
acids 53-68. Another tryptic fragment yielded the 
sequence of amino acids 69-72. Residues 59-72 were 

30 determined by analysis of a chymotryptic peptide of 
RCM-antlplatelet polypeptide. 

The complete amino acid sequence determined 
for the polypeptide inhibitor of platelet activation 
is: 

35 EA6EE CDC6S PENPC CDAAT CKLRP GAQCA EGLCC DQCKF MKEGT 
VCRRA RGDDV NDYCai GISAG CPRNP FH. 
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As depicted above, the amino acids are represented by 
single letter codes as follows: 



Fhe: 


F 


Leu: 


L 


lie: 


I 


Met: 


H 


Vals 


V 




Ser: 


S 


Pro: 


P 


Thr: 


T 


Ala: 


A 


Tyr: 


Y 




5 His: 


H 


Gin: 


Q 


Asn: 


N 


Lys: 


K 


Asp: 


D 




Glu: 


E 


Cys: 


C 


Trp: 


W 


Arg: 


R 


Gly: 


G 





Reaction of the intact protein with Ellman's 



reagent [6. E. Hesms and R. E. Feeney, "Chemical 
Modification of Protein", Holden-Day, Inc., 

10 San Frsmcisco, California, pp* 155-56 (1971) ] suggested 
the cUdsence of free or accessible thiol groups. 
Analysis of the amino acid sequence revealed few 
lipophilic amino acids. It is probable that the large 
number of cysteine residues (12 moles cysteine/mole 

15 antiplatelet polypeptide) may provide a lipophilic core 
if the protein assumes a globular structure. We 
believe that this .antiplatelet polypeptide inhibitor of 
platelet activation occurs naturally as a dimer 
composed of two identical subunits linked by at least 

20 two disulfide bonds. 

EXAMPLE 3 

Inhibition Of Platelet Aqcnr eaation And Release 

We prepared platelet-rich plasma from healthy 
human volunteers for use in various platelet assays. 

25 More specifically, blood was collected via a 21 gauge 
butterfly cannula, using a two-syringe technique, into 
1/10 volume of 3 ,8% trisodium citrate. Platelet-rich * 
plasma was prepared by room temperature centrifugation 
of the citrated whole blood for 15 minutes at 100 x g. $ 

30 The platelet rich plasma contained approximately 

357,000 platelets/Ml- We prepared platelet-poor plasma 
by centrifuging the citrated whole blood for 2 minutes 
at 12,000 X g. 
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Platelet aggregation was assayed in a 
^ 4-channel platelet aggregation profiler (PAP4, Biodata, 

Hatboro, Pennsylvania) according to the xaanuf acturer ■ s 
directions. We studied inhibition of platelet 
5 aggregation effected by the antiplatelet polypeptide 
prepared in Example 1 by adding varying amounts of the 
polypeptide to stirred human platelet-rich plasma. 
Specifically, we incubated the polypeptide with the 
platelets for 1 minute at 37*^0 prior to the addition of 

10 collagen (10 /xg/ml) , ADP (10 iM) , or human a-thrombin 
(0.4 U/ml) . Figure 4 demonstrates that the 
antiplatelet polypeptide inhibited platelet aggregation 
induced by collagen, ADP and thrombin in a dose- 
dependent manner. 

15 We n^t assayed the effect of the 

antiplatelet polypeptide on platelet aggregation and 
concomitant ATP release using a Lumiaggregometer 
(Chronolog Corp., Havertowh, Pexmsylvania) • This 
apparatus measures aggregation turbidimetrically and, 

20 and at the same time, measures ATP release by 

luminescence. For this assay, ve added antiplatelet 
polypeptide (600 ng/ml) to 0.5 ml of platelet-rich 
plasma at 37 *C one minute prior to the addition of 
himan a-thrombin (0.4 U/ml) or the thromboxane A^- 

25 mimetic, U46619 (3 /xM) . Figure 5 demonstrates that the 
polypeptide inhibitor of platelet activation 
effectively inhibited both platelet aggregation and ATP 
release induced by U46619 or thrombin, as compared to 
« controls which were Incubated without the antiplatelet 

30 polypeptide. 
I, We also assayed the ability of the anti- 

platelet polypeptide to inhibit collagen-stimulated 
platelet thromboxane A^ generation and compared it to 
inhibition of collagen-induced platelet aggregation. 

35 In this assay, varying concentrations of antiplatelet 
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polypeptide were added to a stirred suspension of 
platelet-rich plasma held at 37**C. One minute after 
the addition of the polypeptide, collagen was added to 
a final concentration of 1 fjig/ml. The reaction was 
5 allowed to proceed for 4 minutes after which time it 
was stopped by adding ice-cold indomethacin to a final 
concentration of lo The suspension was then 

centrifuged at 12,000 x g for 2 minutes and the 
supernatant was removed and analyzed by 

10 radloimmiinoassay for released thromboxane B^, a stable 
metabolite of thromboxane A^. In the absence of any 
added agonist or antiplatelet polypeptide, the level of 
thromboxane detected was <0,5 ng/10® platelets. 
Figure 6 demonstrates that the inhibition of platelet 

15 aggregation correlates with inhibition of thromboxeme 
release as measured by thromboxane B^. 

We then emalyzed the sJ^llity of the 
polypeptide inliibitor of platelet activation to inhibit^ 
the release of 'H-serotonin from platelets. Platelets, 

20 in citrated platelet-rich plasma, were loaded with [^^H]- 
serotonin or S-hydroxyce-'H] tryptamine creatinine 
sulphate (Amersham, Arlington Heights, Illinois) by 
incubation at ST'^C for 30 minutes. Stirred C^]- 
serotonln loaded platelets In plasma (0.5 ml) were 

25 Incubated at 37»C with varying amounts of antiplatelet 
polypeptide (0 - 2.5 iiq/ml final concentration) for 1 
minute. Platelets were then stimulated by the addition 
of ADP (2 iM or 10 nW) , human 7-thrombln (5-20 /ig/ml 
final concentration), or collagen (10 fig /ml) . Four 

30 minutes after the. addition of agonist, the reaction was 
terminated and serotonin release and reuptake blocked 
by the addition of a 1/lOth volume of ice-cold ETPI 
cocktail (3.3% EDTA, 10 mM theophylline, 1 ixg/ral 
prostaglandin El and 500 mM imipramlne) . Following the 

35 addition of ETPI, platelets were recovered by 
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centrlfugatlon at 12,000 x g for 2 minutes. Release 
was measured by liquid scintillation counting of [^3- 
radioactivity. The results are shown in the tsUsle 
below: 



5 


Aaonlet 


Antiplatelet 
polypeptide 
lua /ml\ 


Platelet 
Aggregation 
r% of maximum) 


Platelet 
Release 
(% [^H]- 
serotonin 1 




ADF (2/iK) 


0.0 


70 


67 


10 




O.S 


32 


0 






1 n 

X • u 


AW 


n 
u 






2.0 


9 


0 






5.0 


0 


0 




A0P(10/iM) 


0.0 


57 


29 


15 




0.5 


43 


5 






1.0 


41 


2 






2.0 


14 


5 






5.0 


0 


0 




•f-throinbin 


0.0 


74 


70 


20 


(SMg/ml) 


2.0 


5 


0 






5.0 


0 


0 




Tf-thrombin 


0.0 


68 


58 




(XO/tg/ml) 


0.5 


63 


34 






2.0 


30 


11 


25 




5.0 


0 


6 




•7-thrombln 


0.0 


74 


87 




I20lig/ml) 


5.0 


20 


85 




collagen 


0.0 


72 


74 




(lOjUg/na) 


0.5 


63 


73 


30 




2.0 


50 


60 






3.0 


18 


63 






5.0 


0 


23 



Taken together, these results indicate that the effects 
of the antiplatelet polypeptide toward platelet 
35 aggregation and release are closely correlated and 
probably derive from a single mode of action. The 
molar IC^^ values for inhibition of platelet function by 
antiplatelet polypeptide are provided below: 
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Aggregation 


Thrmboxane A^ 


Serotonin 
^50— 










^so 






5 


ADP 


10/iM 


16.5 nM 
16,7 nM 
50 nM 


N.D. 

11.6 nM 
N.D. 


<10 nM 
N.D. 
11 nM 






7-throinbln 


5/^/ml 
lO/ig/ml 
20Mg/»l 


39 nM 
64 nM 
128 nM 


N.D. 
N.D^ 
N.D. 


<10 DM 
20 nM 
N.D. 




10 


collagen 


IMg/ml 
10/lig/ml 


14 nM 
89 nM 


22 nM 
N.D. 


N.D. 
145 nM 






arachidonic 


1 mH 


11.8 nM 


13.3 nM 


N.D. 





acid 

(N.D. not determined) 

The antiplatelet polypeptide was found to 
15 have an ICgQ for inhibition of platelet reactions 

ranging between <io nM to 145 nM, depending on the type 
and concentration of agonist used. The platelet 
activation induced by all agonists at all 
concentrations used, with the exception of 10 ixg/ml 
20 collagen, was completely inhibited by antiplatelet 
polypeptide at a concentration of 194 nM 
(< 3.5 Mg/ml) • 

EXAMPLE 4 

Binding Of An '^-Xabelled Polypeptide 
25 Inhibitor Of Platel et Activation To Platelei^s 

We studied the binding of '''l-labeled 
antiplatelet polypeptide to platelets in the presence 
or absence of 5 iM ADP. The polypeptide was labeled ^ 
with ^^^I-Bolton Hunter reagent as follows. We 
30 dissolved 10 fig of the polypeptide inhibitor of ^ 
platelet activation, as purified in Example 1, in 25 ^1 
of sodium borate, pH 9.0 and then added 1 mCi of ^^^i- 
Bolton-Hunter reagent (New England Nuclear, Boston, 
Massachusetts) . The reaction was allowed to proceed 
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for 30 minutes at room temperature. The iodinatlon was 
stopped by the addition of a 1000-fold molar excess of 
glycine. ^^^I-antiplatelet polypeptide was removed from 
free ^^^I-Bolton-Hunter reagent by desalting on a column 
5 of Sephadex 6-25 equilibrated in phosphate buffered 
saline. ^^^I-antiplatelet polypeptide (15.2 x 
10^ cpm/Mg) was diluted with tinlabeled antiplatelet 
polypeptide to a concentration of 200 /ig/ml. 

Binding of ^^^I-antiplatelet polypeptide was 

10 performed by incubating 1.0 ml of human platelet rich 
plasma in the presence or absence of ADP (5 jliM) for 1 
minute prior i:o the addition of radiolabeled 
antiplatelet polypeptide (2 ng/ml final concentration) 
or radiolabeled antiplatelet polypeptide plus 100-fold 

15 molar excess of. unlabeled antiplatelet polypeptide. 
The kinetics of specific ^^^I-antlplatelet polypeptide 
binding wsis measured by removing 0.1 ml aliquots of the 
platelet suspension at veurious time intervals (0 - 120 
minutes). The aliquots were applied to the top of O.l 

20 ml of 30% sucrose and centrifuged at 12,000 x g for 3 
minutes. An aliquot of the supernatant (50 Ml) vas 
counted for radioactivity in a gamma counter 
instxnment. Figure 7 shows that the binding of 
antiplatelet polypeptide to both ADP-stlmulated and 

25 unstimulated platelets is maximal after 10 minutes. 
This figure also shows that the antiplatelet 
polypeptide binds AOP-stlmulated platelets with a 
2.5-fold higher affinity than unstimulated platelets. 

30 Combined Effects Of The Polypeptide 
Inhibitor of Platelet Activation 
And A Hirudin Derivative 

To determine the efficacy of combinations of 
the polypeptide inhibitor of platelet activation 
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together with conventional anti-thrombin agents in 
inhibiting platelet aggregation, we performed a 
thrombin-induced platelet aggregation assay. 
Specifically, we incubated 0.5 ml of stirred platelet- 
5 rich plasma with veirying concentrations of antiplatelet 
polypeptide, as purified dn Example 1, (o - 160 ng/ml) , 
Sulfo-Tyrg3hirudin53^g^ (0 • 115 ng/ml) or a combination 
of the two molecules. 

The Asn-Gly-Asp-Phe-Glu-<51u-I le-Pro-Glu-Glu- 

10 Tyr-Leu amino acid backbone of Sulfo-Tyr^ -hirudin., 
was synthesized by solid phase peptide synthesis 
techniques employing an Applied Biosystems 430 A 
Peptide Synthesizer (Applied Biosystems, Foster City, 
California) . The peptide was then sulfated at the 

15 single tyrosine residue by dissolving 1 gram of peptide 
in 40 ml of dimethyl formamide in the presence of 5 ml 
of N,N«-dicyclohexylcarbodilmide (0,2 g/0.16 ml 
dimethylformamide) . The mixtxire was stirred at 0*>C and 
0.5 ml of concentrated sulfuric acid was added dropwise 

20 to the reaction mixture until precipitate formed. The 
reaction was stopped by the addition of 40 ml of water 
and purification of iSulfo-Tyrg3hiruding3_g^ was achieved 
by DEAE*-*Sepharose chromatography. The column was 
developed with a 0 - 0.4 H linear gradient of NaCl. 

25 The desired product eluted at 0.2 0.3 M NaCl. 

After 1 minute, human a-thrombin was added to 
the sample to a final concentration of 0.4 U/ml. 
Platelet aggregation was measured in the PAF4 
apparatus, as previously described herein. Figure 8 

30 demonstrates that the antiplatelet polypeptide and 
Sulfo-Tyrg3hiruding3^^^ have an additive effect of 
inhibiting thrombin-induced platelet aggregation when 
utilized together. 
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^ Preparation Of A Recombinant Polypeptide 

inhibitor Of PX^te^et ActAyatign 

^ A synthetic gene encoding an antiplatelet 

5 polypeptide of this invention (Figure 9) was designed 
using the cosiplete amino acid sequence of the natural 
protein and a back-translation computer program 
(University of Wisconsin, Genetic Computer Group, 
Sequence Analysis Software Package, Version 5.2). The 

10 total gene, 229 base pairs, is synthesized as 14 

different oligomers which, when ligated together, form 
the restriction sequences shown in Figure 9, As 
illustrated in Figure 10, the 14 oligomers are 
synthesized as 7 essentially complementary pairs of 

15 oligonucleotides. The protruding sequences at joining 
sites of complementary pairs of oligomers are 6 bases 
in length. The 14 oligomers are assembled in the 
cloning vector pNN03. Plasmid pNN03 is a derivative of 
the commercially availeUDle plasmid pUC8. It is created 

20 by cleaving out the entire polylinker region of pUC8 by 
digestion with glQdlXI and EcoRI. An alternate 
polylinker containing different restriction sites 
(Figure 11) is synthesized by standard procedures and 
ligated in the |IindIII/ EcoR I-cleaved pUC8. A 

25 restriction map of pNN03 is depicted in Figure 12. 

Plasmid pNN03 is cleaved with restriction 
enzymes Nco l and Hind i II. The 14 oligomers are added 
to the cleaved vector and ligation is achieved with T4 
^ ligase. E.coli cells are then ^ransfected with the 

30 ligated mixture and colonies expressing tetracycline 
^ resistance are isolated. Plasmids cure isolated from 

these colonies and examined by restriction mapping and 
nucleotide sequencing to determine if they contain the 
intact synthetic antiplatelet polypeptide gene. After 

35 demonstrating ±he integrity of an assembled vector, the 
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isolated plasmid is cleaved with Ncol and Hind lli to 
release the gene encoding the antiplatelet polypeptide. 
The gene is then ligated into the expression vector 
pIN-lII-ompAI [J, Ghrayeb et al«, "Secretion Cloning 
5 Vectors in Escherichia coll ", EMBO J> , pp. 2437-42 
(1984)] This vector contains, in a 5"-to-a» 
orientation, the Ipp promoter, the lac promoter- 
operator and a DNA fragment coding for the signal 
peptide of the ompA protein, an outer membrane protein 

10 of coli > The vector also contains an ampicillin 

resistance gene. The emtiplatelet polypeptide gene was 
inserted adjacent to and in frame with the ompA signal 
peptide so that the recombinant polypeptide was 
targeted to the periplasm following expression. 

15 Specifically, the pIN-III-ompAI vector is 

digested with £soRZ and the resulting sticky ends are 
removed with mung bean nuclease. The blunt-ended, 
linearized vector is then cleaved with Hind lll . The 
Icurge, 7.5 kb fragment of pIN-III-ompAl is then 

20 isolated and ligated to the antiplatelet polypeptide 
gene. The resulting vector, pIN-IIl-ompA-app, was then 
used to transform £. coJ^i JA22l®^ cells. Transformants 
were grown on LB agar ^ ampicillin plates. Clones 
containing pIN-III-ompA-app were identified by 

25 restriction enzyme smalysis and used for subsequent 
production of recombinant antiplatelet polypeptide. 

An alternative expression vector, P.-mu- 
smc^®*^, is used to direct the recombinant antiplatelet 
polypeptide to the cytoplasmic fraction of transformed 

30 E.coli following expression. P^-mu-smc*®^^ is a 
tetracycline-resistant derivative of P^^-mu-smc"^^, 
which was previously described in PCT patent 
application WO 86/05810. The complete nucleotide 
sequence of P^^-mu-smc^®^ is depicted in Figxire 13. 

35 Specifically, Pj^-mu-smc^®^ is cleaved with Ncol and 
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Hlnd lll and ligated to the gene encoding the 
antiplatelet polypeptide. The ligation product is used 
to transf ect E,coli and expression of the recombinant 
antiplatelet polypeptide is achieved by temperature 
5 induction of the promoter. 

Recombinant Expression Of An Antiplatelet Polypeptide 

Clones identified as harboring the pIN-IZI- 
ompA-app plasmid were grown at 37'C in 1 liter of M-9 

10 media supplemented with 4 mg/ml glucose, 20 /xg/ml 

tryptophan, 20 Mg/^1 leucine, 2 tig/inl thiamine and 50 
/xg/ml ampicillin. When the cells reached a density of 
0.4 OD-erxr 2 mM IPTG was added to the culture to induce 
the lac promoter and the cells were grown for an 

15 additional 3 hours. 

The cells were then harvested by 
centrifugation, and washed twice with 100 ml of 10 mM 
Tris-HCl, pH 7.1, 30 mM NaCl. The cell pellet was then 
subjected to standard osmotic shock procedure to 

20 isolate the perlplasmic polypeptides [O. Kellerman 
et al., "Maltose-Binding Protein from Escherichia 
coli ". Meth. Enzvmol., 90, pp. 459-63 (1982)]. First, 
the cells were resuspended in 50 ml of 30 mM Tris-HCl, 
pH 7.1, 20% sucrose, 0.1 mM EDTA for 15 minutes at room 

25 temperature with constant stirring. The Cells were 
then centrifuged at 12,000 rpm for 10 minutes. The 
supernatant was discarded and the cell pellet then 
resuspended in an ice cold hypotonic solution of 0.1 mM 
MgCl^* The mixture was stirred for 10 minutes at 4®C 

30 and then recentrifuged. The osmotic shock supernatant 
was recovered, lyophilized and redissolved in 10 ml of 
20 mM Tris-HCl, pH 7.1, 1 mM EDTA. 

A fraction of the osmotic shock supernatant 
was analyzed by Western blotting using an antibody to 
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the antiplatelet polypeptide of this invention. By 
visual analysis it was determined that less than 10% of 
the recombinant antiplatelet polypeptide in the 
periplasmic fraction had a cleaved signal sequence. 
5 The antiplatelet polypeptide was further 

purified from the osmotic shock supernatant by 
chromatography over a G-50 column (1.5 x 90 cm) at 4*'C. 
Fractions (2 ml) were collected and portions thereof 
were analyzed for the presence of antiplatelet 

10 polypeptide by Western blotting. Fractions containing 
the antiplatelet polypeptide were pooled, lyophilized 
and redissolved in 0.1% trifluoroacetic acid (TFA> in 
water. The recombinant anitplatelet polypeptide was 
further purified by reverse phase HPLC, using a Vydac 

15 C4 column (0.46 x 25 cm). HPLC was performed using an 
Applied Biosystems 150 A liquid chromatography system. 
The column was equilibrated in 0.1% TFA in water prior 
to loading the sample. The column was developed with a 
linear gradient of increasing acetonitrile (0 - 30%) in 

20 0.1% TFA over 60 minutes at a flow rate of 1.0 

ml/minute. The effluent stream was monitored at 214 nm 
and 280 nm. We collected 0.5 ml fractions, dried them 
in a Speed-Vac instrument and redissolved them in 0.1 
ml water. 

25 Pcurtial amino acid sequencing revealed that 

the ptirified, recombinant antiplatelet polypeptide 
contained an additional amino acid, alanine, at its N- 
terminus. This was expected based on the construction 
of expression vector pIN-III-ompA-app. The recombinant 

30 antiplatelet polypeptide was found to be secreted in an 
oxidized, dimeric form, similar to that observed for 
the native polypeptide. 

The emtiplatelet activity of the recombinant 
antiplatelet polypeptide was assayed as described in 

35 Example 3. The polypeptide eachibited a dose-dependent 
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inhibition o£ collagen-induced platelet aggregation as 
depicted in Figure 14. 

Sf feet Of The Antiplatelet Polypeptide On 
5 Human Melanoma Growth Iii A Mouse Model 

Aliguots of human melanoma cells (l- 5 x lo^ 
cells) are treated with varying amounts (0 - 50 ng/ml) 
of the natural or recombinant antiplatelet polypeptide, 
purified as described in Exsunples 1 and 7, 

10 respectively. The cells are then grafted onto the 
subcutaneous, ventral surface of nude mice. 

The mice which receive antiplatelet 
polypeptide-treated cells are given two daily 
subcutaneous injections of the natiiral or recombinant 

15 antiplatelet polypeptide (0.1 mg/kg) . Control mice, 
which are grafted with untreated cells, are given 
subcutaneous injections of saline twice daily. Tumor 
growth in both experimental and control mice is 
monitored over a 30 day period by measurement of the 

20 tumor mass. The experimental mice display smaller 
tvaaors than the control mice at the end of the 30 day 
period. 

While we have hereinbefore described a number 
of embodiments of this invention, it is apparent that 

25 our basic constructions can be altered to provide other 
embodiments which utilize the polypeptides, 
pharmaceutical compositions and combinations and 
recombinant ONA molecules of this invention. 
Therefore, it will be appreciated that the scope of 

30 this invention is to be defined by the claims appended 
hereto rather than by specific embodiments which have 
been presented hereinbefore by way of example. 
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We claim: 

1. A process for purifying a polypeptide 
inhibitor of platelet activation from the venom of 
Aakistrodon Sju pisclvorus. comprising the steps of: 

(a) dissolving said venom in an aqueous 

buffer; 

(b) removing any insoluble material 
from said dissolved venom; 

(c) fractionating said dissolved venom 
by molecular sizing means to separate a first fraction 
containing said polypeptide from a second fraction 
containing contaminants having molecular weights 
different from that of said polypeptide; 

(d) contacting said first fraction with 
a cation exchange resin under conditions which separate 
a bound fraction containing contaminants from an 
unbound fraction containing said polypeptide; and 

(e) fractionating said unbound frac- 
tion by reverse phase HPLC to separate said polypep- 
tide from contaminants remaining after step (d) . 

2. A process for purifying a polypeptide 
inhibitor of platelet activation from the venom of 
Aqkistro<^off ^ piscivorus, comprising the steps of: 

(a) dissolving said venom in an aqueous 
bxif f er in the presence of at least one protease 
inhibitor; 

(b) removing any insoluble material * 
from said dissolved venom; 

(c) contacting said dissolved venom ^ 
with a cation exchange resin under conditions which 

separate a bound fraction containing contaminants from 
an unbound fraction containing said polypeptide; 
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Cd) fractionating said unbound frac- 
tion by molecular sizing means to separate a first 
fraction containing said polypeptide from a second 
fraction containing contaminants having molecular 
weights different from that of said polypeptide; and 

(e) fractionating said first fraction 
by reverse phase HPLC to separate said polypeptide from 
contaminants remaining after step (d) • 

3. A polypeptide inhibitor of platelet 
activation produced by the process according to claim 1 
or 2, wherein said polypeptide consists essentially of 
two homologous disulfide-linked polypeptide chains, 
each of said polypeptide chains having the amino acid 
formula: 

EA6EE CDCGS PENFC CDAAT CKLRP GAQGA E6LCC DQCKF 
HKE6T VCRSA R6DDV NDYCN GISA6 CPRNP FH. 

4. A recombinant DNA molecule which 
comprises a DNA sequence coding on expression for a 

- polypeptide inhibitor of platelet activation according 
to claim 3, said DNA sequence being selected from the 
group consisting of: 

(a) AT6 GAA 6CT GGT 6AA GAA T6C GAC 
T6C 66A TCC CC6 GAA AAC CC6 T6C T6C GAC GCG 6CC ACC TGC 
AAA CTT CGT CCG GGT GCA CAG TGT 6CA GAA GGT CTG TGC TGC 
GAC CAG TGC AAA TTC ATG AAA GAA GGT ACC GTT TGC CGT CGT 
GCT CGA GGT GAC GAC GTT AAC GAC TAC TGC AAC GGT ATC TCT 
GCA GGT TGC CCG CGT AAC CCG TTC CAC; 

(b) DNA secpiettces which hybridize to 
the DNA sequence of (a) and which code on expression 
for a polypeptide inhibitor of platelet activation; and 

(c) DNA sequences which code on 
expression for a polypeptide inhibitor of platelet- 
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activation coded for on expression by any of the 
foregoing DNA sequences of (a) or (b) . 

5. A recomblneuit DNA molecule which 

comprises: 

(a) a first DNA sequence encoding a 
polypeptide Inhibitor of platelet activation, said 
first DNA Sequence being selected from the group 
consisting of DNA sequences which characterize the 
recombinant DNA molecule according to claim 4; emd 

(b) a second DNA seqpience encoding a 
hirudin derivative; 

wherein said first DNA sequence is fused to said second 
DNA sequence so as to code on expression for a single 
polypeptide comprising the amino acid sequence of a 
polypeptide inhibitor of platelet activation and the 
amino acid sequence of a hirudin derivative. 

6 • A host transformed with the recombinant 
DNA molecule according to claim 4 or 5, said host being 
selected from the group consisting of anisial cells, 
plant cells, insect cells, yeast and other fungi and 
bacteria;. 

7. A process for producing a polypeptide 
inhibitor of platelet activation comprising the step of 
culturlng a host according to claim 6. 

8. A polypeptide inhibitor of platelet 
activation produced by the process according to 
claim 7. 

9. A pheun&aceutlcally acceptable composi- 
tion for decreasing or Inhibiting platelet aggregation 
and platelet release in a patient or extracorporeal 
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blood co2nprislng a pharmaceutical ly acceptable carrier 
and at least one polypeptide selected from the group 
consisting of a polypeptide according to claim 3 and a 
polypeptide according to claim 8. 

10. A method for decreasing or Inhibiting 
platelet aggregation and platelet release in a patient 
or extracorporeal blood comprising the step of treating 
said patient or said extracorporeal blood with a 
composition according to claim 9. 

11 « The composition according to claim 9, 
wherein the dosage of said polypeptide is between about 
0.01 and 100 mg/kg body weight of said patient. 

12. The composition according to claim 9, 
wherein the dosage of said polypeptide is between about 
0.05 and 10 lig/ml of said extracorporeal blood. 

13. A composition for coating the surface of 
an invasive device to be inserted into a patient 
comprising at least one polypeptide selected from the 
group consisting of a polypeptide according to claim 3 
cmd a polypeptide according to claim 8. 

14. A method for coating the surface of cm 
invasive device to be inserted into a patient 
comprising the step of contacting said surface with a 
composition according to claim 13 prior to insertion 
into said patient. 

15. A pharmaceutically acceptable 
combination for decreasing or inhibiting platelet 
aggregation and platelet release in a patient or 
extracorporeal blood comprising: 
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(a) a polypeptide Inhibitor of platelet 
activation according to claim 3 or 8; 

(b) an emti-thrombin agent selected 
from the group consisting of hirudin, Sulfo- 
Tyrg3hiruding3^g^ and Sulf onyl-Tyrg3hirudin53^g^ ; and 

(c) a pharmaceutically acceptable 

carrier. 

16. A method for decreasing or inhibiting 
platelet aggregation and platelet release in a patient 
or extracorporeal blood comprising the step of treating 
said patient or said extracorporeal blood with a 
combination according to claim 15. 

17. The combination isiccbrding to claim 15, 
wherein the dosage of said polypeptide is between cdsout 
0.01 and 100 mg/kg body weight of said patient and 
wherein the dosage of said euiti-thrombin agent is 
between about 0.01 and 100 mg/kg body weight of said 
patient. 

18. The combination according to claim 15, 
wherein the dosage of said polypeptide is between about 
0.05 and 10 Mg/iol of said extracorporeal blood and 
wherein the dosage of said anti-thrombin agent is 
between eJDout 0.05 and 10 /ig/ml of said extracorporeal 
blood. 

19 . A pharmaceutically acceptable 
composition for treating or preventing cancer in a 
patient comprising a pharmaceutically acceptable 
carrier and a polypeptide inhibitor of platelet 
activation according to claim 3 or 8 . 
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20. A method of treating or preventing 
cancer In a patient comprising the step of 
aidmlnlsterlng to said patient a composition according 
to claim 19. 

21. An Inhibitor of platelet activation 
characterized by a disulfide linked dlmerlc structure, 
each component of said dlmerlc structure comprising the 
cunino acid sequence: Arg-Gly-Asp, wherein said sequence 
Is capable of binding to a platelet surface. 
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FIG. 5 



GdO rtg/ml 
600 ng/ml 





SlIRQTfTIITi: cuccT 



yyO9008772 [http://yww.getthepatenU:9m/L^ 

WO 90/08772 PCT/US90/00465 




£0 





wo- 




80- 








60- 




40- 








20- 








0 



FIG. 8 

Thrombin, 0,4 U/ml 




Combinaiion 

Anii'pldelei 
polypeptide. 

Sulfo 



ng/ml 



200 



^IIRQTITflTC CUCCT 



WO9008772 [hUp://wwvy,getthepatent.corn/Login.c^^^ 




WO9008772 |htt p://ww w.geUhep atent.(X)m/Lo qin.doq/$folev/Fet ch/WO9008772xpc? fromCache=1paft=maintoolbar=bottorn1 



Page 62 of 74 



WO 90/08772 



m 

>• 



PCT/US90/00465 



X a (« f-- 



X jc o«- 

X 0»-H < 



A 10 auf- 



< 

< 



• 

>« 



A (A as«- 



ClinCTITUTi: CUPCT 



WQ90087 72 [http://wvw.geUhe pate ntxom/Log.Ln,dog/$ fo{ ey /FetchM 1 part=m.alntpqlbar=bqttom]. Page 63 of 74 

WO 90/08772 PCr/US90/00465 



FIG. 10 



1 CATGGAAGCTGGTGAAGAATGCG 

2 CTTCGACCACTTCTTACGCTGACGCCTAGGG 

3 GATCCCCG6AAAACCC6TGCTGC6ACGC 

4 GCCT7TTGGGCACGACGCTGCGCCGGTG 

5 GGCCACCTGCAAACTTCGTCCGGGTGCACAGTGT 

6 GACGTTTGAA6CAGGCCCACGT 

8 GTCACACGTCTTCCAGACACGACGCTGGTCACGTTTAAGTACr 

9 TCAT6AAA6AAGGTJICCGTTTGCC6TCGT6C 

1 0 TTCTTCCAT6GCAAACGGCAGCAC6AGCTCC 

1 1 TC6A6GT6AC6ACGTTAACGACTACTGCAAC6G 

1 2 ACT6CI6CAATTGCTGAT6ACGAAGCCATAGA6 

1 3 TATCTCTGCAGGTTGCCCGCGTAACCCGTTCCACTGATGA 

1 4 ACGTCCAACGGGCGCATTGGGCAAGOTGACTACnCGA 
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Q No protest accompanied the payment of additional seach fees. 



'ore PCT/I5A/210 CsupplOMntal sheet (2)) (January 1985} 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



Uf BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR Sn)ES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 



lid COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFER£NCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 





